A dispersive liquid-liquid microextraction (DLLME) process based on the complexation reaction of Cu(II) with diethyldithiocarbamate (DDTC) from aqueous solutions was investigated. The effect of various experimental parameters in the extraction such as, dispersive solvent, extracting solvent, the volume of extraction and disperser solvent, pH of the aqueous solution, ionic strength and extraction time were optimized using one variable at a time method, and the analytical charactristics of the method were obtained. Under the optimum conditions the calibration graph was linear over the range 0.01 to 0.1 µg mL -1 of Cu(II) ion with a correlation coefficient of 0.994. The limit of detection (S/N = 3) was 8.6 × 10 -3 µg mL -1 . Relative standard deviation (RSD) for 7 replicate determinations of 0.08 µg mL -1 Cu(II) was 3.3%. In this work, the concentration factor of 20 and also the improvement factor of 33 were reached. The interference effect of some anions and cations was also tested. The extraction method has been successfully applied to the determination of copper in human blood serum sample.
Introduction
Copper is an essential micronutrient that has a crucial role in a variety of biological processes indispensable to sustain life 1 . At the same time, higher concentrations of copper can be toxic and cause stomach and intestinal distress, liver and kidney damage, and anemia. The US Environmental Protection Agency (USEPA) and the World Health Organization (WHO) recommended maximum allowable concentration of 1.3 and 2 mg dm −3 , respectively for copper in drinking water 2, 3 . Since it has had numerous applications in the industry, copper pollution in the environment can occur that may cause toxic effects to living organisms in natural waters or humans. Therefore, circulating levels of this metal in the plasma must be kept under tight regulation.
The direct determination of heavy metals including copper at trace levels using various modern instrumental methods including flame atomic absorption spectroscopy (FAAS), inductively coupled plasma-optical emission spectrometry (ICP-OES) and inductively coupled plasma-mass spectrometry (ICP-MS) has been unsuccessful due to particularly their low concentrations and matrix effects. However, preconcentration and matrix elimination is usually required for the determination of low concentrations of the metal ions in environmental samples 4 . Various preconcentration and separation methods such as, liquid-liquid extraction (LLE) [5] [6] [7] [8] , cloud point extraction (CPE) [9] [10] [11] [12] , solid phase extraction (SPE) [13] [14] [15] [16] , ion exchange 17 and co-precipitation 18, 19 hyphenated with different detection techniques, have been applied for extraction of trace levels of the heavy metal ions including copper(II) from different biological and environmental samples. However, some of these methods suffer from inconveniences such as, lengthy separation, limitation of the volume of sample solution investigated, time consuming, multi stage, yielding unsatisfactory preconcentration factors and the use of large quantities of organic solvents.
In 2006, Assadi and co-workers developed a novel liquid phase microextraction technique, named dispersive liquid-liquid microextraction (DLLME) 20, 21 . It is a simple and fast microextraction technique based on ternary component solvent systems. This method needs microliter volumes of extraction solvents and little amounts of a disperser solvent. The extraction solvent is an organic solvent such as chlorobenzene, chloroform or carbon disulfide with high density and the disperser solvent is an organic solvent, such as methanol, acetone or acetonitrile that is miscible with both extraction solvent and water. When the mixture of extraction phase and disperser is rapidly injected into the sample, a cloudy solution is formed. Since the surface area between the extracting solvent and the aqueous sample is very large, thus the equilibrium state is achieved quickly and the extraction is independent of time. In fact, this is the main advantage of DLLME. After centrifugation, the fine particles of extraction solvent sedimented in the bottom of the conical test tube. The sedimented phase is removed manually by a syringe and analyzed by various analytical techniques including, high-performance liquid chromatography (HPLC) 22 , electrothermal atomic absorption spectrometry (ET-AAS) 23 X.Wen et al 35 have applied dispersive liquid-liquid microextraction combined with UV-vis spectrophotometry for determination of cadmium and copper in water and food samples. The limit of detection in this work for Cu(II) determination was reported as 0.5 µg L -1 .
In this report, dispersive liquid-liquid microextraction method has employed for the preconcentration and spectrophotometric determination of Cu(II) using DDTC as the complexing agent. The most important aim of this work was clearly study of the related parametrs in dispersive extraction method. In the previous work 35 the calculated LODs for two studied cations were very ambiguous. Also in proposed method the applicability of DLLME for determination of Cu(II) in human plasma was studied. The experimental parameters were optimized using one variable at a time method. The proposed method is simple, efficient and rapid and it uses extracting solvent at a microliter level. Furthermore, a well-known and cheap ligand diethyldithiocarbamate was utilized. The extraction method has been successfully applied to the determination of Cu(II) in blood serum sample.
Experimental Section Reagents
All experiments were performed with analytical reagent grade chemicals. All chemicals such as sodium diethyldithiocarbamate, methanol, ethanol, chloroform, dichloromethane, acetonitrile and tetrahydrofuran were obtained from Merck (Darmstadt, Germany) and used without any purification. Individual stock solution of Cu(II) at a concentration of 1000 µg mL -1 was prepared by dissolving appropriate amount of salt in distilled water. Standard solution of 1 µg mL -1 Cu(II) was prepared daily by a suitable dilution of stock solution with distilled water. Sodium diethyldithiocarbamate 0.05 M was prepared in distilled water. Acetate buffer (pH = 5) was used for pH adjustment.
Apparatus UV-visible spectra were measured by using Shimadzu UV-2550 double-beam spectrophotometer with 1-cm quartz cells. Phase separation was assisted using UrumTadjihiz centrifuge (Urmia, Iran) centrifuge. A Metrohm model 713 pH-meter with a combined glass electrode was used for pH measurements.
General analytical procedure
Appropriate amount of Cu(II) solution was transferred into a 12 mL test tube with conical bottom, 1 mL acetate buffer and 1 mL DDTC solution were added. By using a 5-mL syringe, 1 mL methanol containing 200 µL chloroform was added to the above solution. Chloroform was dispersed in all parts of sample and no need to homogenize the sample. The mixture was immediately centrifuged for 5 min at 1000 rpm. The sedimented phase was quantitatively transferred to another test tube and allowed to evaporate at room temperature. Finally the residue was diluted with 0.5 mL ethanol and its absorbance was measured at 440 nm.
Analysis of blood serum samples
Blood sample was taken from a healthy volunteer, centrifuged at 3000 rpm for 10 min and serum fractions were collected. Precipitation of proteins was carried out by adding phosphoric acid (2 mol L -1 ) to the serum sample. The pH of the samples was adjusted at 5. 1 mL methanol and 200 µL of tetracholoride carbon were added to the samples. The tube was centrifuged for 5 minutes and the clear supernatant liquid was used. Samples of the supernatant liquid (each of 2 mL) were fortified with various concentrations of Cu(II). Then the analysis was followed up as indicated in the general analytical procedure. Figure 1 shows the absorption spectra for the individual metal complex in organic phase against reagent blank. The addition of an aqueous solution of DDTC to a slightly acidic solution of Cu(II) ion produces a brown colloidal suspension of Cu(II)-DDTC which is water insoluble but easily dissolved in several organic solvents. at pH 5 after DLLME.
Results and Discussion
Dispersive liquid-liquid microextraction procedure Selection of dispersive and extracting solvents In this work, four solvents: methanol, ethanol, tetrahydrofuran and acetonitrile were studied as a dispersive solvent. The selection of the extracting solvent is critical and should meet the following characteristics: (1) it should dissolve the analyte better than water, (2) it should be heavier than water and (3) it should form tiny droplets when it is added to the aqueous solution of analyte along with a dispersive solvent. Almost all of the suitable extracting solvents are chlorinated. In this work, chloroform, carbon tetrachloride and dichloromethane were investigated. For all combinations of dispersive and extracting solvents the absorbance of the Cu(II)-DDTC extracted to the organic phase was measured at 440 nm against the reagent blank. As it is shown in Figure 2 , maximum extraction efficiency was obtained for the combination of carbon tetrachloride as extracting solvent with methanol as dispersive solvent. Therefore, the combination of carbon tetrachloride and methanol was selected for further studies.
Dispersive solvent volume
Methanol as a dispersive solvent in different volumes in the range 0-2.5 mL along with 200 µL carbon tetrachloride as an extracting solvent was used for extraction of Cu(II)-DDTC complex using the DLLME procedure. The results (Figure 3) show that in the case of 1 mL methanol the highest absorbance signal was obtained. Therefore, methanol volume of 1 mL was selected as being optimal for all subsequent experiments. Effect of pH One of the most important parameters for obtaining high recovery values was the reaction pH between the ligand and copper. DLLME was performed at different pH values in the range of 1-11. Figure 5 shows that the absorbance signals increase with an increase in the solution pH up to a maximum value of 5 and then decreases with further increases in the solution pH. At very alkaline pH values, the Cu(II) ions undergo hydrolysis and precipitate in the hydroxide form and measurements at these pH values mask any result. At acid pH the decrease in absorbance can be attributed to the protonation of the complexing agent. Thus, there is competition between the protons and the Cu(II) ions at more acid pH values. Therefore, pH 5 was selected for all subsequent experiments. 
Sample volume
Different volumes of analyte solution (5-20 mL) were used to study the effect of sample size with a constant volume of extracting solvent (200 µL) and dispersive solvent (1 mL). As it can be seen in Figure 6 , with a large sample size (20 mL) no sedimented organic phase was obtained. By increasing the sample volume from 5 to 15 mL, the volume of sedimented phase and recovery decreased. Therefore, sample volume of 5 mL was selected for the following studies. 
Study of other parameters
Other parameters such as DDTC concentration, salting out effect and reaction time were investigated. To determine the suitable ligand concentration, different concentrations of ligand in the range of 10 −4 -10 −2 mol L -1 was added to 5 mL of the analyte solution containing 0.1 mg L −1 Cu(II) at pH 5. These samples were analyzed according to the procedure. As it is shown in Figure 7 , absorbance signals increased up to 10 −3 mol L -1 and then increasing ligand concentration did not influence the extraction recovery. Therefore, a ligand concentration of 10 −3 mol L -1 was selected as being optimal for all subsequent experiments. Also, the influence of ionic strength on the extraction was studied with sodium chloride as a salting out agent at the range of 0.1-1 mL of saturated NaCl solution. The highest absorbance signal was obtained at 0.3 mL of saturated NaCl solution (Figure 8 ). It was found that by increasing sodium chloride, the volume of sedimented phase decreases. Extraction time also was studied over the range 1-20 min (Figure 9 ). It was defined as the time spent between the addition of extraction solvent (carbon tetrachloride) dissolved in dispersive solvent (methanol) and centrifuging. Since the surface area between the extracting solvent and the aqueous sample is very large, thus the equilibrium state is achieved quickly and time did not affect on the recovery and sediment phase volume. Table 1 . Because the amount of Cu(II) ions in 10 mL of initial sample solution is measured after DLLME in a final volume of 0.5 mL, the solution is concentrated by a factor of 20. The improvement factor, defined as the ratio of the slope of the calibration graph for DLLME method to the slope of the calibration graph without preconcentration was 33. Relative standard deviation (RSD) for 7 replicate determinations of 0.08 µg mL -1 Cu(II) was 3.3%. Linear range (μg mL Relative standard deviation for 7 replicate determination of 0.08 μg mL -1 Cu(II) ions.
Analytical Characteristics
e The ratio of the slope of the calibration graph for the microextraction method to that of the slope of the calibration graph without preconcentration.
Interference study
In order to study the selectivity of the proposed method, the effect of various cations and anions on the DLLME of Cu(II) ions was studied. An ion was considered as interferent, when it caused a variation in the absorbance of the sample greater than ±5% in comparison with the case in which interfering ion is absent. The results are summarized in Table 2 . The results indicate that most of the cations and anions did not interfere even when present 1000-fold excess over analyte. As can be seen most ions studied do not have interfering effect at 1:100 ratio.
Only Fe(III) interfered seriously, which was removed by addition of 5% triethanolamine (TEA) solution to the sample. a At this ratio no inrerfering effect was observed.
Application of the proposed DLLME method for determination of Cu(II) in blood serum
The extraction of the Cu(II) ions was conducted according to the procedure. For removal matrix effect in the serum sample, standard addition method was applied. The concentration of Cu(II) in blood serum was determined from intercept of the standard addition plots. The result is shown in Figure 10 . The concentration of 4.5 × 10 −2 µg mL -1 was obtained for Cu (II) in the serum sample 1. Two other human plasma samples were analyzed and the results were presented in Table 3 . The results indicate indicate that the method can be successfully applied to recover Cu(II) ions in serum samples. 
Conclusion
A dispersive liquid-liquid microextraction for the preconcentration and spectrophotometric determination of copper(II) was used. The proposed method was based on the complexation reaction of Cu(II) with DDTC from aqueous phase into the fine droplets of extraction solvent. Concentration factor and improvement factor for the target analyte were obtained about 20 and 33, respectively. The proposed extraction method was used for the quantitation of Cu(II) ions in blood serum sample. The method is simple, efficient and very rapid and it uses extracting solvent at a µL level.
